The neutralization of feline leukaemia virus could be enhanced by performing the reaction in hypotonic medium. Absorption of antibody by virus specific antigens was also made more sensitive under these conditions.
INTRODUCTION
Virus neutralizing antibodies often appear in the sera of cats following infection with feline leukaemia virus (FeLV) but analysis of these and the antigenic determinants with which they react is to some extent limited by low antibody titres, generally within the range 2 to 64 (Jarrett et al. ~973b; Sarma et al. I974; Russell, I977) . In experiments on FeLV neutralization, antibody titres were made more reproducible, but were not greatly increased, by the use of a focus reduction technique, and the likelihood of non-specific alteration of focus formation by the cat serum was reduced by diluting the reaction mixture before assaying for virus (Russell, 1977) . Accordingly, methods were investigated by which the antibody titres might be increased.
Previously it was shown that potentiation of neutralization of bacterial viruses T~ and T4 by specific antibodies was achieved by utilizing a reaction medium of low salt concentration (Jerne & Skovsted, I953 ; Cann & Clark, I955) . In the present study, this technique was employed for the first time in an animal virus system. The neutralization of FeLV pseudotypes of murine sarcoma virus, MSV (FeLV), was found to be enhanced by hypotonic medium and the method was then used to develop a sensitive method for the absorption of neutralizing antibody by FeLV-specific antigens.
METHODS
Cells. Feline embryo (FE) cells of the FEA strain grown as previously described (Jarrett et al. I973 a) were used throughout this study.
Viruses. FeLV of subgroup A (FeLV-A), B (FeLV-B) and C (FeLV-C) were used and the standard members of each subgroup were FeLV-A/Glasgow-I, FeLV-B/Sarma and FeLV-C/Sarma (Sarma & Log, I973; Jarrett et al. I973a) . FeLV pseudotypes of the Moloney strain of MSV were obtained by the rescue of MSV from c8I ceils by infection with FeLV (Fischinger et al. 1974 ) except for MSV (FeLV-C/Sarma) which was passaged from the original stock donated by P. S. Sarma. The viruses were assayed by the method of Russell & Jarrett (I976) and titres were expressed as focus forming units (f.f.u) per ml.
Sera. Sera were obtained from cats during surveys and from immune cats and were kindly made available by O. Jarrett, W. Jarrett, P. Rogerson and L. J. Mackey. Sera were inactivated at 56 °C for 3o rain before use. Cat immune sera were collected several months after the inoculation of cats with: Io o infectious units (iu) of FeLV-A; Io 6 iu of FeLV-B, io s FE cells infected with FeLV-C; or lO 7 FL74 cells (Theilen et al. I969) . Samples for epidemiological surveys were taken from 2 normal cats of unknown FeLV exposure, one cat with alimentary (avian) tuberculosis and 7 virus-negative cats from FeLV-infected multi-cat households.
Virus neutralization. The neutralization reaction was done in isotonic medium, Leibovitz L-I5 containing Io% foetal bovine serum (LFB), or hypotonic medium, LFB diluted I :5 ° in de-ionized water. Sera were double-diluted in 50 #1 volumes in U-bottomed microwell trays and equal volumes of MSV (FeLV) containing 600 f.f.u, in isotonic medium or 25oo f.f.u, in hypotonic medium were added to each well. After a reaction time of I h at 37 °C, 25 #1 was transferred into a bottle containing I ml LFB with 4/~g/ml polybrene for virus assay. The titre of serum was the highest dilution which caused 75 % focus reduction of an equal volume of virus by comparison of three virus controls.
Preparation of cell antigen. Monolayer cells, washed twice in PBS-A and harvested from 2. 5 1 roller bottles by glass beads, were finally resuspended in I'5 vol. ofhypotonic medium. The cell suspension was then sonicated for 3 o rain in a cellulose nitrate tube in a DAWE ultrasonic cleaning tank. After clarification of the sonicate 0o ooo rev/min for 2o min) the supernatant was stored at -70 °C and was designated the cell antigen.
Absorption of neutralizing antibody. Cell antigen was doubled-diluted in hypotonic medium in microwell plates in 25 #1 volumes and then 25/d of the serum to be absorbed was added to each well. The serum was used at a concentration four to eight times higher than its titre. In each test a titration of the serum and an uninfected FEA cell antigen control were included. The plate was sealed with tape to prevent evaporation and was mechanically shaken at 37 °C during the 2 h absorption reaction. Virus was then added to each well to test for neutralization. The absorbing capacity of antigen was expressed as the maximum dilution which removed a stated proportion of neutralizing antibody, usually 75 %. The removal of neutralizing antibody was quantified by comparing the residual infectivity after absorption to that of the serum titration.
RESULTS

Potentiation of antibody titres in hypotonic medium
In preliminary experiments the titres of sera were increased when the neutralization reaction was done in medium diluted I : 50 or I : IOO in de-ionized water. The effect of various dilutions of hypotonic medium in de-ionized water on the neutralization reaction and on virus infectivity was examined for one serum (Fig. I) . At a I : 3 o dilution of LFB the serum titre was increased 30 times and the infectivity of the virus was decreased fivefold; these alterations did not change markedly with increasing dilutions of medium. In subsequent absorption experiments LFB was diluted I : 5o in de-ionized water.
To determine whether the potentiation was related to the dilution of LI5 or of the foetal bovine serum (FBS), one was diluted while the other was maintained at its normal concentration. When FBS was diluted there was no potentiation. When LI5 was diluted the overall dilution factor of LI 5 and FBS was 8"5, which caused the same eightfold potentiation as did LFB diluted I : lo (Fig. 1) ; whereas if both were diluted the potentiation was 32 times. The degree of potentiation was therefore not related to dilution of either FBS or L~5 but depended on the overall concentration of both.
The observed potentiation was found to operate only if the medium was hypotonic at the Leibovitz L-I5 medium+ Io % FBS was diluted with de-ionized water and was then used as the reaction medium. The residual infectivity of the virus control in diluted medium (logl0RI of diluted VC, I1--11) was by comparison to the titre of the virus control in undiluted medium. The serum titre (0--0) was the highest dilution of serum which caused 75 % focus reduction compared to the virus control in the same dilution of medium.
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time of reaction. When virus was pre-incubated in hypotonic medium and was then restored to isotonicity, it behaved in the same way as control virus in the neutralization reaction. Potentiation of neutralization in hypotonic medium was therefore not caused by an irreversible effect on the virus such as loss of envelope spikes. To determine whether potentiation was a general phenomenon, the antibody titres of t8 cat sera to all three subgroups of FeLV were compared in isotonic and hypotonic medium (Table I) . Potentiation was known to occur only if the serum titre exceeded 2 in isotonic medium (Russell, x977 ) and the results in Table I are for sera with titres greater than 4. After this selection, potentiation was found in all the sera which neutralized FeLV-A or FeLV-B but in less than half of the sera which neutralized FeLV-C. The degree of potentiation was highest for sera active against FeLV-A, the titres of which were increased by a mean factor of 2~ as compared to increases of 9 against FeLV-B and 5 against FeLV-C. The potentiation of neutralization of FeLV-A and FeLV-B was therefore more marked, as well as occurring in a higher proportion of reactive sera, than the potentiation of neutralization of FeLV-C.
Most of the sera tested which neutralized FeLV-C had higher co-existing titres to FeLV-A, so the lower level of potentiation of titres to FeLV-C may have been because antibodies were cross-reactive between FeLV-A and FeLV-C but were not subgroup-specific for FeLV-C. When three subgroup-specific sera (4 to 6, Table t) were examined, their potentiation was found to be slight, indicating that the failure to potentiate the neutralization of 24-2 P.H. RUSSELL * IM, isotonic medium; HM, hypotonic medium. t--= < 8inIMor < 4o inHM. :~ The degree of potentiation was the titre in HM divided by the titre in IM. Sera which were not potentiated were not included.
FeLV-C was not simply because the selected sera were cross-reactive, rather than subgroup-specific, to FeLV-C.
Enhanced absorption of neutralizing antibody in hypotonic medium
The discovery that neutralization could be potentiated in hypotonic medium suggested that absorption of antibody by virus antigens might also be enhanced in this way. This would be useful in the analysis of the specificity of the neutralization of FeLV. Two absorption experiments were done. In the first, a serum which strongly neutralized FeLV-A was absorbed by FeLV-infected and uninfected cell antigens (Table 2) . Three-quarters of the antibody was absorbed by FeLV-A cell antigen diluted I : 256 but not by FeLV-B, FeLV-C or uninfected cell antigens at dilutions of 2. FeLV-B, FeLV-C and uninfected cell antigens did, however, absorb half the antibody up to dilutions of 4 or 8. This was almost certainly non-specific and caused by the reversal of hypotonicity by high concentrations of cell antigen.
In the second experiment several sera which neutralized FeLV-A and/or FeLV-C were absorbed in hypotonic and in isotonic medium (Table 3 ). The dilutions of infected cell antigens which specifically absorbed were z to 64 in hypotonic medium and 2 to 16 in isotonic medium. This increased absorption in hypotonic medium was probably because of potentiated serum neutralization in hypotonic medium. Both the neutralization of FeLV-C < 2 256 < 2 < 2 0-87 < 2 i28 < 2 < 2 * The serum was from a cat of unknown FeLV exposure with avian tuberculosis. The serum titres in hypotonic medium were 16oo (anti-FeLV-A), < 4o (anti-FeLV-B) and 5o (anti-FeLV-C). The proportion of anti-FeLV-A antibody absorbed was determined from the residual infectivity (RI) relative to the serum titration. The final dilution of serum during absorption was I : 8oo. RIs of the serum titration were o'oo5, 0"045, o"51 and 0'86 for serum dilutions of 800, I6oo, 3200 and 6400 respectively.
t The maximum dilution of cell antigen which absorbed the stated proportion of anti-FeLV-A antibody from an equal volume of serum. and its absorption were less altered by the use of hypotonic medium compared to the neutralization of FeLV-A (Tables I and 3 )-
DISCUSSION
The use of hypotonic medium to potentiate virus neutralization has not been described before for an animal virus but has been employed for the bacterial viruses T4 (Jerne & Skovsted, 1953) and T2 (Cann & Clark, I955) . In the neutralization of T2 or MSV (FeLV), a 5o-fold dilution of salt (or medium) potentiated the neutralization of virus by a factor of thirty. The reason for the potentiation of neutralization of MSV (FeLV) may have been the more effective antibody binding to virus as discussed for T2 (Cann & Clark, I955) . Because the degree of potentiation in media at different dilutions to some extent paralleled the loss of virus infectivity (Fig. I) it was also possible that the virus which was still infectious after hypotonic treatment was preferentially neutralized during the hypotonic reaction. However, when virus was pre-incubated in hypotonic medium and was then neutralized in isotonic medium, neutralization was not enhanced. Potentiation therefore required low medium concentration at the time of reaction, which supported the explanation of increased antibody binding in dilute medium. Sera with titres of less than 4 in isotonic medium were not potentiated in hypotonic medium, which may indicate that they neutralize by a different mechanism to sera of higher titre; however, neutralization was mediated by immunoglobulin in all sera tested irrespective of titre (Russell, 1977) .
The main application of this method was in the increased sensitivity of absorption of antibody by viral antigens. Neutralizing antibody was absorbed by cell sonicate antigens more effectively in hypotonic medium than in isotonic medium. The increased absorption may either have been because the actual concentration of antibody measured by neutralization was lower and therefore an antigen excess was caused more easily by cell sonicate antigens; or because the attachment of antibody to both cell antigen and virus was increased in hypotonic medium. Absorption was later used to examine crossreactions between viruses and to assay the virus envelope content of cells by a more quantitative absorption than was possible in normal medium.
Subsequent experiments have shown that the neutralization of a feline calicivirus (O. Jarrett, personal communication) and the bovine herpesvirus of malignant catarrhal fever (P. H. Russell, unpublished data) can also be potentiated in hypotonic medium, suggesting that this phenomenon may be general among animal viruses. If so, it should be possible to absorb virus-specific antibody using much smaller quantities of pure virus proteins than present methods allow.
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